
during manufacturing and storage is an
issue because of spontaneous deamidation.
Aswad and coworkers have detailed the
deamidation of biologicals (62,63). The stabil-
ity of proteins can also be compromised
by degradation catalyzed by contaminating
proteases and by the related issue of
aggregation (64,65,66). Proteases can occur as
contaminants during the drug-manufacturing
process, and proteases also occur in the
human body. Polyethylene glycol can be
connected to recombinant enzymes and
cytokines to enhance the stability and life-
time of the drug in the bloodstream.
Polypeptide drugs that are modified in this
way are called, pegylated polypeptides
(67,68,69), where the polyethylene glycol can
be attached to residues of lysine or arginine
(70,71,72).

For drugs that are antibodies, enzymes,
cytokines, and hormones, what is desired
is that the drug not be immunogenic. In
striking contrast, for drugs that are vaccines,
what is desired and essential, is that the drug
stimulate a vigorous immunogenic response.
A knowledge of the amino acids is needed
for understanding all of the above issues.
Undesired immunogenicity arises where the
drug takes the form of extract from a tissue
or organ from an animal, or where the drug
takes the form of a recombinant version
of an animal protein. Undesired immunoge-
nicity can be reduced or eliminated by the
process of “humanization,” where the genetic
engineer alters the primary sequence of
the animal protein so that it matches the pri-
mary sequence of the corresponding human
protein (73).

62Paranandi MV, Guzzetta AW, Hancock WS, Aswad DW. Deamidation and isoaspartate formation during

in vitro aging of recombinant tissue plasminogen activator. J. Biol. Chem. 1994;269:243�53.
63Aswad DW, Paranandi MV, Schurter BT. Isoaspartate in peptides and proteins: formation, significance, and

analysis. J. Pharm. Biomed. Anal. 2000;21:1129�36.
64Simpson RJ. Stabilization of proteins for storage. Cold Spring Harb. Protocol. 2010;2010(5).
65O’Fágáin C. Storage and lyophilisation of pure proteins. Methods Mol. Biol. 2011;681:179�202.
66Chi EY, Krishnan S, Randolph TW, Carpenter JF. Physical stability of proteins in aqueous solution: mechanism

and driving forces in nonnative protein aggregation. Pharm. Res. 2003;20:1325�36.
67Ramos EL. Preclinical and clinical development of pegylated interferon-lambda 1 in chronic hepatitis C. J.

Interferon Cytokine Res. 2010;30:591�5.
68Hershfield MS, Roberts LJ II, Ganson NJ, et al. Treating gout with pegloticase, a PEGylated urate oxidase, provides

insight into the importance of uric acid as an antioxidant in vivo. Proc. Natl Acad. Sci. USA 2010;107:14351�6.
69Fishburn CS. The pharmacology of PEGylation: balancing PD with PK to generate novel therapeutics. J. Pharm. Sci.

2008;97:4167�83.
70Lee H, Park TG. Preparation and characterization of mono-PEGylated epidermal growth factor: evaluation of

in vitro biologic activity. Pharm. Res. 2002;19:845�51.
71Veronese F, Sartore L, Orsolini P, Deghenghi R. U.S. Pat. No. 5,286,637.
72Gauthier MA, Klok HA. Arginine-specific modification of proteins with polyethylene glycol. Biomacromolecules

2011;12:482�93.
73Kuramochi T, et al. Humanization and simultaneous optimization of monoclonal antibody. Methods Mol. Biol.

2014;1060:123�37.
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